Preliminary Amendment 

National Stage Entry of PCT/JP04/0 17590 



REMARKS 

Entry eind consideration of this Amendment are respectfully requested. 



SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 

WASHINGTON OFHCE 

23373 

CUSTOMER NUMBER 



Respectfully submitted. 
Registration No. 23,063 



Date: June 16,2006 



6 



10/583257 

' IAP12Rec'dPCT/PT0l6 JUN2006 

DESCRIPTION 

LINEAR MOTOR AND ATTRACTION FORCE CANCEL TYPE LINEAR MOTOR 

Technical Field 
[0001] 

The present invention relates to a structure of an 
armature of a linear motor and an attraction force cancel 
type linear motor and more particularly to a fixation 
of a divided armature module . 

Related Art 
[0002] 

In a usual armature of a attraction force cancel 
type linear motor, the armature is divided into modules 
and the armature modules are respectively fixed to upper 
and lower parts of the base of the armature by bolts by 
using tapped holes provided in prisms arranged between 
armature module cores (for instance, see Patent Document 
1) . 

Patent Document 1: JP-A- 10 - 32 3 Oil (Figs. 1 and 3) 
[0003] 

Fig . 6 is a view of a section taJcen in the longitudinal 
direction of the linear motor described in the Patent 
Document 1 viewed from an upper part . A stator includes 
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two parts of a left side stator 55 and a right side stator 
56. The stators having the same structures are arranged 
to be opposed to each other. The stators 55 and 56 are 
respectively formed with field permanent magnets 56b and 
field back yokes 56a to which the field permanent magnets 
56b are attached. A mover 51 is located between the two 
stators 55 and 56. An upper surface thereof is fixed to 
a load and supported so as to be movable in the longitudinal 
direction (that is, upward and downward in the drawing) . 
The structure of the mover 51 includes armature pieces 
52 formed by winding armature windings 53 on I shaped 
armature teeth 52a, prisms 54 made of a non-magnetic 
material inserted between the ends of the teeth and a 
base for fixing the prisms 54. The outline of the prism 
54 is formed along the figure of the end of the armature 
piece 52 and the prism 54 is bonded and fixed to the end 
of the armature piece 52 . On the prisms 54 , tapped holes 
54d are formed on upper and lower surfaces of the prisms 
54 and all the prisms 54 are attached to the base by bolts . 

Fig. 7 is a similar front sectional view of another 
example of the linear motor described in the Patent 
Document 1 . 

In the drawing, 61 designates a mover, 62 designates 
an armature module part , 6 3 designates an armature winding , 
64 designates a prism, 65 designates a left side stator, 
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66 designates a right side stator, 67 designates a base 
(67a designates an upper base and 67b designates a lower 
base) and 68 designates a jacket- In the structure of 
the mover 61, the upper base 67a and the lower base 67b 
are arranged and fixed on the upper and lower parts of 
the armature module part 62 . A load can be fixed by using 
the upper surface of the lower base 67b and the lower 
surface of the upper base 67a. As described above, the 
upper base 67a and the lower base 67b are attached to 
the armature part from above and below to fix the armature 
part by fixing bolts 64c and bolts. 

As described above, in the usual attraction force 
cancel type linear motor, the armature modules are 
respectively positioned and fixed by using the tapped 
holes formed in the fixing prisms arranged between the 
armature modules. 

Disclosure of the Invention 
Problems to be solved by the Invention 
[0004] 

The usual attraction force cancel type linear motor 
has a structure that the tapped fixing prisms are arranged 
in spaces of parts where the windings are disposed between 
the armature modules at the sacrifice of the spaces. 
Accordingly, since the windings cannot be arranged in 
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the parts of the fixing prisms, a problem arises that 
a loss is increased to lower the efficiency of the linear 
motor . 

The present invention is devised by considering such 
a problem and it is an object of the present invention 
to provide an attraction force cancel type linear motor 
in which armature modules are respectively positioned 
and fixed and a space factor of windings can be increased 
to its limit without sacrificing spaces for arranging 
the windings, and accordingly, the efficiency of the 
linear motor is improved- 
Means for Solving the Problems 
[0005] 

For solving the above -de scribed problems , according 
to claim 1 of the present invention, there is provided 
a linear motor including: a mover part including; an 
armature module having an I shaped magnetic iron core 
and an armature winding of one kind wound on the periphery 
of the I shaped magnetic iron core through an insulating 
material, a non-magnetic material holder on which a 
plurality of armature modules are arranged in a strokie 
direction, and a base upper plate and a base lower plate 
for attaching the non-magnetic material holder in upper 
and lower parts respectively, and a stator part including ; 
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a plurality of field permanent magnets opposed to the 
I shaped magnetic iron cores through magnetic spaces and 
field yokes for supporting the field permanent magnets, 
wherein the non-magnetic material holder has at both end 
parts thereof through holes corresponding to the forms 
and the arranging pitches of the I shaped magnetic iron 
cores, and bolts are inserted into the through holes to 
fix the non-magnetic material holder to the base upper 
plate and the base lower plate. 
[0006] 

According to claim 2 of the present invention, there 
is provided a linear motor comprising: a mover part 
including; an armature module having an I shaped magnetic 
iron core and an armature winding of one kind wound on 
the periphery of the I shaped magnetic iron core through 
an insulating material, and a base upper plate and a base 
lower plate to which a plurality of armature modules are 
respectively attached in upper and lower parts thereof, 
and a s tat or part including ; a plurality of field permanent 
magnets opposed to the I shaped magnet ic iron cores through 
magnetic spaces and field yokes for supporting the field 
permanent magnets, wherein in both the end parts of the 
base upper plate and the base lower plate and the I shaped 
magnetic iron cores, pin holes corresponding to the forms 
and the arranging pitches of the I shaped magnetic iron 
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cores are formed, and pins are inserted into the pin holes 
to fix the I shaped magnetic iron cores between the base 
upper plate and the base lower plate. 

According to claim 3 of the present invention, there 
is provided the linear motor according to claim 2 , wherein 
the pin hole is a hole penetrating the I shaped magnetic 
iron core, and the pin is a long penetrating pin. 

According to claim 4 of the present invention, there 
is provided the linear motor according to claim 2 or 3, 
further including: sub-teeth for canceling a cogging due 
to an end effect generated in both ends of the armatures 
provided in front and rear ends in the stroke direction 
of a group of the armature modules, wherein pin holes 
are formed on both the end parts of the base upper plate 
and the base lower plate and the sub-teeth, and pins are 
inserted into the pin holes to fix the sub-teeth between 
the base upper plate and the base lower plate. 

According to claim 5 of the present invention, there 
is provided the linear motor according to claim 1 or 2, 
wherein a gap part of the armature winding is filled with 
a mold resin. 

According to claim 6 of the present invention, there 
is provided an attraction force cancel type linear motor 
in the linear motor according to any one of claims 1 to 
5, further including: a same stator part provided at a 



7 



symmetrical position to the stator part with respect to 
the mover part in an opposite side to the stator part 
by sandwiching the mover part in therebetween. 

According to claim 7 of the present invention, there 
is provided the attraction force cancel type linear motor 
according to claim 6, wherein a guide part of a linear 
guide is fixed to the lower side of the base lower plate. 

Advantage of the Invention 
[0007] 

According to the above -described structure, since 
a winding space is not sacrificed, the space factor of 
a winding can be increased to its limit and a highly 
efficient linear motor can be realized. 

Brief Description of the Drawings 
[0008] 
[Fig. 1] 

Fig. 1 is a magnetic attraction force cancel type 
linear motor according to a first embodiment of the present 
invention. Fig. 1(a) is a front view and Fig. 1(b) is 
a side sectional view. 
[Fig. 2] 

Fig. 2 is a plan view of the magnetic attraction 
force cancel type linear motor according to the first 
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embodiment of the present invention. 
[Fig. 3] 

Fig. 3 is a magnetic attraction force cancel type 
linear motor according to a second embodiment of the 
present invention. Fig. 3(a) is a front view and Fig. 
3(b) is a side sectional view. 
[Fig. 4] 

Fig. 4 is a magnetic attraction force cancel type 
1 inear motor according to a third embodiment of the present 
invention. Fig. 4(a) is a front view and Fig. 4(b) is 
a side sectional view. 
[Fig. 5] 

Fig. 5 is a plan view of a magnetic attraction force 
cancel type linear motor according to a fourth embodiment 
of the present invention. 
[Fig. 6] 

Fig . 6 is a view of a section taken in the longitudinal 
direction of a first usual example of a magnetic 
attraction force cancel type linear motor viewed from 
an upper part . 
[Fig. 7] 

Fig. 7 is a front sectional view of a second usual 
example of a magnetic attraction force cancel type linear 
motor . 
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Description of Reference Numerals and Signs 
[0009] 

1 I shaped magnetic iron core 
la , la ' pin hole 

2 armature winding 

3 insulating resin 

4 non-magnetic holder 
41 through hole 

5 bolt 

6 motor terminal part 

7 motor lead 

8 base plate 

8a base upper plate 
8b base lower plate 

9 field yoke 

10 field permanent magnet 

11 mold resin 
21 pin 

21' long penetrating pin 

31 linear guide block 

32 linear guide rail 
51 sub-teeth 

Best Mode for Carrying Out the Invention 
[0010] 
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Now, embodiments of the present invention will be 
described below by referring to the drawings. 
(First Embodiment) 
[0011] 

Fig. 1 shows a first embodiment of a magnetic 
attraction force cancel type linear motor according to 
the present invention. Fig. 1 (a) is a front view and Fig. 
1(b) is a side sectional view. 

In the drawing, 1 designates an I shaped magnetic 
iron core, 2 designates an armature winding, 3 designates 
an insulating resin, 4 designates a non-magnetic holder, 
5 designates a bolt, 6 designates a motor terminal part, 7 
designates a motor lead, 8 designates a base plate, 8a 
designates a base upper plate, 8b designates a base lower 
plate, 9 designates a field yoke and 10 designates a field 
permanent magnet . 

As apparent from the drawing, the insulating resin 
3 is molded in the I shaped magnetic iron core 1 with 
a small thickness to ensure an electric insulating layer, 
and the armature winding 2 is wound thereon to form an 
armature module . A plurality of the armature modules are 
attached to the non-magnetic holder 4 (a left side 
non-magnetic holder is designated by 4a and a right side 
non-magnetic holder is designated by 4b) in a stroke 
direction- Further, the upper and lower parts of the 
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non-magnetic holder 4 are respectively attached to the 
base upper plate 8a and the base lower plate 8b. 

In that case, the through holes 41 corresponding 
to the forms and the arranging pitches of the I shaped 
magnetic iron core are formed at both end parts of the 
non-magnetic holder 4 and the bolts 5 are inserted into 
the through holes 41 to fix the non-magnetic holder 4 
to the base upper plate 8a and the base lower plate 8b. 

Further, a space part is filled with the mold resin 
11 to obtain the mechanical strength of an armature part . 

Further, as shown in the drawing, in both the sides 
of the armature winding 2, field parts are formed through 
gap parts by fixing the field permanent magnets 10 to 
the filed yokes 9. 
[0012] 

Fig. 2 is a plan view of the attraction force cancel 
type linear motor of Fig. 1. 

As apparent from Fig . 2, many f ield permanent magnet s 
10 are arranged inside the two field yokes 9 extending 
in parallel with each other so that adjacent polarities 
are made to be different from one another. Inside the 
two field yokes 9 , movers are arranged with spaces between 
the field permanent magnets 10 and the movers. 

The difference between the first embodiment of the 
present invention and the linear motor described in the 
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Patent Document 1 resides in that in the first embodiment, 
since the armature module ^ is fixed (by the bolt) at 
the end part of the I shaped magnetic iron core_l, the 
armature module can be fixed without sacrificing a 
winding space - 

Accordingly, the space factor of the winding can 
be increased to its limit and a highly efficient linear 
motor can be obtained . 

(Second Embodiment ) 

[0013] 

Fig. 3 is an attraction force cancel type linear 
motor according to a second embodiment. Fig. 3(a) is a 
front view and Fig. 3 (b) is a side view. In Fig. 3, since 
the same reference numerals represent the same members 
as those of Figs. 1 and 2, a duplicated explanation will 
be omitted- 11 designates a mold resin and 21 designates 
a pin . 

In a second embodiment, an armature winding 2 of 
one kind is wound on the periphery of an I shaped magnetic 
iron core 1 the same as that of the first embodiment through 
an insulating material to form an armature module. A 
plurality of the armature modules are arranged in a stroke 
direction and respectively attached to a base upper plate 
8a and a base lower plate 8b by pins in their upper and 
lower parts. Pin holes are provided correspondingly to 
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the forms and arranging pitches of the I shaped magnetic 
iron cores. 

As described above, in the first embodiment shown 
in Figs. 1 and 2, the armature modules are positioned 
and fixed by the non-magnetic holder 4, However, the 
second embodiment is different from the first embodiment 
in a point that the armature modules are positioned and 
fixed by the pins 21- In such a way, two nonrmagnetic 
holders (4a, 4b in Fig. (lb)) are not necessary so that 
the number of parts and a cost can be reduced. 

(Third Embodiment ) 

[0014] 

Fig. 4 is an attraction force cancel type linear 
motor according to a third embodiment. Fig. 4(a) is a 
front view and Fig. 4 (b) is a side view. In Fig. 4, since 
the same reference numerals represent the same members 
as those of Fig . 3, a dupl icat ed explanat ion wi 1 1 be omi 1 1 ed 
21' designates a penetrating pin. 

In a thirds embodiment, an armature winding 2 of 
one kind is wound on the periphery of an I shaped magnetic 
iron core 1 the same as that of the first embodiment through 
an insulating material to form an armature module. A 
plurality of the armature modules are arranged in a stroke 
direction. Through holes are formed that pass through 
from the upper parts to the lower parts of the armature 
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modules and the armature modules are attached to a base 
upper plate 8a and a base lower plate 8b by long penetrating 
pins 21' extending from the base upper plate 8a to the 
base lower plate 8b. Pin holes la' are provided 
correspondingly to the forms and the arranging pitches 
of the I shaped magnetic iron cores. 

Further, a linear guide block 31 is fixed to the 
lower surface of the base lower plate «^8b, though this 
may be realized in any of the structures of the first 
embodiment and the second embodiment. The linear guide 
block 31 is combined with a linear guide rail 3-3r3 2 fixed 
to a mechanism part 3^ and accordingly supported so as 
to freely slide . 

As described above, in the third embodiment, since 
the long penetrating pins 21' are used, the I shaped- 
magnetic iron cores 1 are positioned and fixed to the 
base upper plate 8a and the base lower plate 8b more 
strongly than a fixation by the pins in the second 
embodiment . 

( Fourth Embodiment ) 

[0015] 

Fig. 5 is a plan view of an attraction force cancel 
type linear motor according to a fourth embodiment. 

In the drawing, 51 designates sub-teeth for 
canceling a cogging due to an end effect in the front 
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and rear end parts of an armature. The sub-teeth has a 
dimension in the direction of width (advancing direction) 
is half as shot as that of other ordinary I shaped magnetic 
iron cores (teeth) . When such a sub-teeth 51 is attached 
to a base upper plate 8a and a base lower plate 8b (not 
seen in the drawing), pins 21 or penetrating pins 21' 
are used in the same manner as that of the second embodiment 
and the third embodiment- Thus, a space for winding an 
armature winding is increased so that a motor efficiency 
can be improved, the number of parts can be reduced and 
the parts can be assuredly attached. 
[0016] 

As described above, according to the present 
invention, since the end parts of the I shaped magnetic 
iron core 1 are fixed by the base upper plate and the 
lower base plate, the armature winding can be wound all 
space on which the winding can be wound, the loss of the 
motor can be reduced and a motor efficiency can be improved . 
Thus, a driving duty can be enhanced and a tact time can 
be shortened, so that the present invention may be applied 
to a use such as an electronic parts mounting machine. 
[0017] 

In all the above-described embodiments, the 
attraction force cancel type linear motor having the two 
stator parts provided at symmetrical positions with 



16 



respect to the mover part is described as an example, 
however, the present invention is not limited thereto. 

A linear motor having even one stator part with 
respect to a mover part can be moved. Accordingly, in 
that case, to the linear motor using an I shaped magnetic 
iron core, the present invention may be applied. 
Therefore, it is to be understood that the end parts of 
the I shaped magnetic iron core are fixed by a base upper 
plate and a base lower plate so that an armature winding 
can be wound on all spaces to be wound by the armature 
winding to reduce the loss of a motor and improve a motor 
efficiency . 

Industrial Applicabil i ty 
[0018] 

As described above, since the present invention can 
realize a highly efficient linear motor, the present 
invention is available for a direct driven stage device 
requiring an accurate positioning and various kinds of 
semiconductor producing devices that require such a 
direct driven stage device. 



